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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell electrode having a carrier structure capable of effectively 
utilizing a noble metal based catalyst and using a simple process to make it, a film-electrode bonded body and a 
fuel cell. 

SOLUTION: A noble metal particulate is carried and carbon particulates are filled in the very fine hole of a 
porous carbon film having a very fine communicating hole to form this fuel cell electrode. The fuel cell electrode 
is bonded on both sides of a high polymer electrolyte film to form this film-electrode bonded body (sometimes 
written as MEA for short). This fuel cell has the film-electrode bonded body as a component. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The electrode for fuel cells which a noble-metals particle is supported and comes to fill up a carbon 
particle in the micropore of the porous carbon film which has a detailed free passage hole. 

[Claim 2] The electrode for fuel cells according to claim 1 whose void content an average aperture is 25 - 85% in 
0.05-10 micrometers for a porous carbon film. 

[Claim 3] The electrode for fuel cells according to claim 1 with which a porous carbon film gives a functional 
group to the front face, and hydrophilization is carried out. 

[Claim 4] The electrode for fuel cells according to claim 1 whose porous carbon film is what has the thickness of 
3-100 micrometers. 

[Claim 5] The electrode for fuel cells according to claim 1 with which noble metals are supported with 0.1 - 40% 
of the weight of the rate in the electrode. 

[Claim 6] The film-electrode zygote which comes to join the electrode for fuel cells according to claim 1 to 5 to 
the both sides of the polyelectrolyte film. 

[Claim 7] The fuel cell which has a film-electrode zygote according to claim 6 as a component. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the electrode for fuel cells with which this invention used the porous carbon film, and a 

film-electrode zygote — and it is alike and is related with a fuel cell. 

[0002] 

[Description of the Prior Art] In recent years, development and utilization of a fuel cell are progressing. For 
example, in the case of a solid-state polyelectrolyte mold fuel cell, the porous carbon plate which consists of a 
carbon fiber paper-making object with a thickness of 0.1 -0.3mm is formed, the gas diffusion electrode which 
made the front face support the platinum system catalyst as an electrode catalyst is joined to the both sides of 
a solid polymer electrolyte layer, the separator which consists of a substantia-compacta carbon plate with a 
thickness of 1-3mm to which the gas-passageway slot was attached is formed in the outside of the porous 
carbon plate of both sides, and the cell eel is constituted. Moreover, in the case of a phosphoric acid fuel cell, 
the porous carbon plate which consists of a carbon fiber paper-making object with a thickness of 0.1 -0.3mm is 
formed, the gas diffusion electrode which made the front face support the platinum system catalyst as an 
electrode catalyst is joined to the both sides of an electrolyte layer which made the phosphoric acid hold to a 
phosphoric-acid supporter, the separator with a thickness of 1-3mm to which the gas-passageway slot was 
attached is formed in the outside of the porous carbon plate of both sides, and the cell eel is constituted. 
[0003] Conventionally, as a carbon ingredient of noble-metals system catalyst support, the ingredient of the 
shape of powder represented by carbon black is used, and the electrode which is the component of the reaction 
section of a polymer electrolyte fuel cell is also produced using the paste which consists of the carbon powder 
and binders, such as resin, with which noble metals were supported, and a solvent (for example, JP,5-36418,A 
etc.). However, it was difficult to form the support structure where structure control of the electrode produced 
since powder is used as a start raw material has a limit, and an expensive noble-metals system catalyst can be 
used effectively. 

[0004] Moreover, in order to change internal resistance and to make it operate stably because the wastewater in 
the eel under generation of electrical energy is overdue, various measures are required for an edge strip. For this 
reason, although securing reactant gas, electronic conduction pass, and a generation water discharge path by 
compounding a carbon fiber and a carbon particle is proposed, a creation process is complicated, the pole 
diameter and thickness of a component have a limit and there are few degrees of freedom of a design. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at having the support structure where a noble- 
metals system catalyst can be used effectively, and obtaining the electrode for fuel cells with a simple making 
process, a film-electrode zygote, and a fuel cell. 
[0006] 

[Means for Solving the Problem] A noble-metals particle is supported in the micropore of the porous carbon film 
which has a detailed free passage hole, and this invention relates to the electrode for fuel cells which comes to 
fill up a carbon particle. Moreover, this invention relates to the film-electrode zygote (it may be written as MEA) 
which comes to join the aforementioned electrode for fuel cells to the both sides of the polyelectrolyte film. 
Furthermore, this invention relates to the fuel cell which has the aforementioned film-electrode zygote as a 
component. 
[0007] 

[Embodiment of the Invention] The desirable mode of this invention is listed below. 

1) The above-mentioned electrode for fuel cells whose void content an average aperture is 25 - 85% in 0.05-10 
micrometers for a porous carbon film. 

2) The above-mentioned electrode for fuel cells with which a porous carbon film gives a functional group to the 
front face, and hydrophilization is carried out. 

3) The above-mentioned electrode for fuel cells whose porous carbon film is what has the thickness of 3-100 
micrometers. 



4) The above-mentioned electrode for fuel cells with which noble metals are supported with 0.1 - 40% of the 
weight of the rate in the electrode. 

[0008] The porous carbon film in this invention has the vesicular structure which has a detailed free passage 
hole, an average aperture is [ a void content ] 25 - 85% in 0.05-10 micrometers suitably, and especially thickness 
is 3-100 micrometers. Especially the aforementioned porous carbon film has the vesicular structure which has a 
detailed free passage hole, and consists of the carbon film structure with smooth front faces other than an open 
hole. 

[0009] Between the pores by which pore is the so-called open hole which continued to other front faces, and 
adjoins the shape of a path has wall-like structure from the front face of arbitration, and the porosity film which 
has a detailed free passage hole in this specification means the film which has the structure prolonged in 
nonlinear, while pore is crooked. The conceptual diagram of a vesicular structure which has this detailed free 
passage hole is shown in drawing 1 . 

[0010] That is, since said porous carbon film will be led to the pore of the shape of a path prolonged in nonlinear 
and a ** style will be carried out in nonlinear if gas is passed, a short pass does not happen. Furthermore, parts 
other than the open hole which pore was prolonged out of the film, arrived at the front face, and formed the 
front face of a porous carbon film with the vesicular structure in this invention are smooth sides, and when a 
laminating is carried out to the carbon structure of multilayer structure, a separator, etc., an interface with other 
layers becomes field contact according to said smooth side. 

[001 1] Since front faces other than an open hole have smooth nature, the carbon film structure of the porous 
carbon film in this invention becomes field contact in an interface, when a layered product is formed. 
[0012] Furthermore, 0.05-10 micrometers of average apertures of the carbon film structure of the porous 
carbon film in this invention are 0.05-2 micrometers preferably. In under the range of the above [ a surface 
average aperture ], since it will become difficult for gas to become easy to flow linearly, to cover the large range, 
and to carry out the ** style of the gas to homogeneity if it stops being able to carry out the ** style of the gas 
efficiently and an average aperture crosses the above-mentioned range, since a pressure loss arises, it is not 
suitable. 

[0013] Moreover, the void content of the carbon film structure of a porous carbon film is 30 - 70% preferably 25 
to 85%. In under the range of the above [ a void content ], since the mechanical strength of an electrode will 
become small if ****** of gas decreases and a void content crosses the above-mentioned range, it is not 
desirable. Moreover, it is suitable for the carbon film structure of the above and a porous carbon film that the 
rate of graphitization is 90% or more especially preferably 30% or more preferably 10% or more. Since the 
mechanical strength of an electrode will become high and flexibility will improve if it is desirable and becomes 
especially 90% or more, since conductivity and thermal conductivity will become higher than the electrode which 
consists of common carbon powder if the rate of graphitization becomes 30% or more, it is more suitable, and it 
is **. 

[0014] The porous carbon film in this invention has the vesicular structure which has a detailed free passage 
hole, and front faces other than an open hole can carry out the heating carbonization of the smooth high 
thermal-resistance polymer film under an anaerobic ambient atmosphere, and can manufacture it suitably. Since 
a vesicular structure can be held when the high thermal-resistance polymer was used and it heats, it is 
desirable. 

[0015] Said high thermal-resistance polymer will not be especially limited, if the vesicular structure which 
consists of a detailed free passage hole can be held even if it is possible to form the porous membrane which 
has a detailed free passage hole and it carries out heating carbonization. Although polymers, such as a polyimide 
system, a cellulose system, a furfural resin system, and a phenol resin system, can be mentioned suitably, since 
a carbonization reaction advances in the state of solid phase and a mechanical strength can obtain the high 
carbon structure easily by heating carbonization, especially aromatic polyimide is suitable. The polyamic acid 
which is the precursor of aromatic polyimide, and the polyamic acid imideHzed partially are also included in 
aromatic polyimide here. 

[0016] It can have the vesicular structure which has said detailed free passage hole, and the high thermal- 
resistance polymer film with smooth front faces other than an open hole can be suitably manufactured by the 
phase converting method using a polymer solution. The solution which dissolved the polymer in the organic 
solvent (solvent) can be cast for example, on a support substrate, and it can obtain by the so-called phase 
converting method which forms pore using the phase separation phenomenon produced in order that a polymer 
may be immersed in an insoluble organic solvent, water, etc. by having compatibility (non-solvent) and a solvent 
and a non-solvent may permute the flow casting film by said organic solvent in that case. However, by the phase 
converting method applied in order to obtain a demarcation membrane, a compact layer is made on a front face. 
[0017] While the flow casting film of a smooth polymer solution is formed, and a front face next makes the front 
face of this flow casting film carry out the laminating of the solvent permutation speed-regulation material 
(porous film), subsequently contacts the layered product to a non-solvent and forms pore by phase separation 



suitable first, the porosity polymer film is deposited. Since the front face (front faces other than an aperture) of 
the porosity polymer film formed by this approach holds the surface smooth nature of the original flow casting 
film, the porosity polymer film with smooth front faces other than an open hole can be easily obtained with the 
vesicular structure which has a free passage hole. 

[0018] When front faces other than an open hole carry out the heating carbonization of the smooth high 
thermal-resistance polymer film under an anaerobic ambient atmosphere with the vesicular structure which has 
a detailed free passage hole, the carbon film structure with smooth front faces other than an open hole can be 
obtained with the vesicular structure which has a detailed free passage hole. Although especially an anaerobic 
ambient atmosphere is not limited, the inside of inert gas, such as nitrogen gas, argon gas, and gaseous helium, 
and a vacuum is suitable for it. Since a decomposition product may dissipate, or a carbon content may distill off 
and carbon yield may become low when a temperature up is carried out rapidly, as for heating carbonization, a 
structure defect also tends to be made preferably. Therefore, as for especially a programming rate, it is desirable 
to carry out a temperature up and to carbonize gradually hereafter, by 20-degree-C/, at about 1-10 degrees 
C/minute in sufficiently late rate. As long as sufficient carbonization is performed, what kind of temperature and 
time amount are sufficient as whenever [ stoving temperature ], or heating time. Moreover, especially in order to 
raise the rate of graphitization of the carbon structure obtained and to make a mechanical strength, 
conductivity, and thermal conductivity high, the range of 2600-3000 degrees C is desirable, and 1200-3500 
degrees C of things held for 20 - 180 minutes in said temperature requirement are suitable. 
[0019] Moreover, if it pressurizes at the time of heating in the case of said heating carbonization, since the rate 
of graphitization can be raised and the carbon film structure with high conductivity and thermal conductivity with 
a high and mechanical strength can be obtained, it is desirable. Since change of the configuration accompanying 
the contraction under heating carbonization etc. is suppressed, or the stacking tendency of the carbon part 
currently carbonized is raised and graphitization is promoted by pressurization, the carbon film structure with 
high mechanical strength, conductivity, and thermal conductivity can be obtained. As for a pressure, it is 
desirable to add during heat treatment in the temperature field which the carbon film structure does not 
contract, and especially the pressure is good to impress in the magnitude of 10-250MPa one to 250 MPa. 
Although the 1 shaft pressurization elevated-temperature furnace generally used can perform pressurization, 
since the risk at which the carbon film structure breaks in the case of pressurization is mitigable if a hot- 
pressing machine and isotropic pressure hot pressing (HIP) are used, it is carried out especially suitably. 
[0020] Moreover, in order to promote graphitization, the compound which has the effectiveness which promotes 
graphitization of a boron compound etc. beforehand on the high thermal-resistance polymer film with the 
vesicular structure which has the detailed free passage hole to heat may be added. Furthermore, if the heating 
carbonization of the layered product to which front faces other than an open hole carried out two or more sheet 
laminating of the smooth high thermal-resistance polymer film with the vesicular structure which has a detailed 
free passage hole is carried out, it can carbonize and unify and the porous carbon film in this invention can be 
obtained. By this approach, since the porous carbon film of various thickness can be obtained from the thin 
polymer film, in case the porous carbon film which has the film thickness of 50 micrometers or more especially is 
produced, it is used especially suitably. 

[0021] In this invention, it can consider as the porous carbon film by which gave the functional group and 
hydrophilization was carried out to the front face by carrying out grade processing of the aforementioned porous 
carbon film for 1 - 200 minutes by the oxidation-treatment agent which consists of mixture with inorganic acids, 
such as permanganates, such as a functional-group grant processing agent, for example, potassium 
permanganate, or permanganic acid NATORIMU, a sulfuric acid, or a nitric acid. Since catalyst support and 
electrolytic coating can be made easy by performing hydrophilization processing, it is suitable. 
[0022] The electrode for fuel cells of this invention has the aforementioned detailed free passage hole, and is 
obtained by supporting a noble-metals particle and being filled up with a carbon particle in the micropore of the 
porous carbon film whose parts other than an open hole are smooth sides. 

[0023] Either one sort chosen from the group which consists of palladium, platinum, a rhodium, a ruthenium, and 
iridium as said noble metals and the alloy of these matter, each combination or combination with other transition 
metals is mentioned. Mean particle diameter is 5nm or less, and, as for the magnitude of a noble-metals particle, 
it is desirable that the maximum particle diameter is 15nm or less. 

[0024] In this invention, that with which said noble-metals particle was supported by carbon particles, such as 
carbon black, is used as a catalyst. The noble-metals particle in this invention is supported, and what contains 
10 % of the weight - 60 % of the weight for noble metals is suitable for a carbon particle. 

[0025] Although the amount of support of the aforementioned noble-metals particle changes in this invention 
with the property required of the fuel cell produced using that electrode and the film thickness of an electrode 
layer, and specific surface area It converts into per unit area of an electrode. In a positive electrode Two or 
more 0.02 mg/cm, Two or less 0.45 mg/cm, it is especially desirable to be used in a two or less 0.25 mg/cm 
amount also two or less 0.35 mg/cm and in it, and it is desirable to be used in a two or less 0.25 mg/cm amount 



two or more [ 0.01 mg //cm ] especially on a membranous negative electrode. Moreover, in this invention, it is 
desirable for a noble-metals particle to be supported and to use together a polyelectrolyte or an oligomer 
electrolyte (ionomer) with a carbon particle. As for a polyelectrolyte or especially an oligomer electrolyte, it is 
desirable in that case that they are two or less 3 mg/cm also two or less 5 mg/cm and in it two or more 0.1 
mg/cm and two or less 10 mg/cm per unit area of an electrode. 

[0026] the approach which the electrode for fuel cells of this invention applies to the whole one side surface or 
the predetermined configuration of a porous carbon film the catalyst constituent which the aforementioned 
noble-metals particle is supported [ constituent ] and made the solvent carry out homogeneity distribution of a 
polyelectrolyte or the oligomer electrolyte (ionomer) by the carbon particle and the case, is dried suitably, and a 
noble-metals particle is supported in micropore, and is filled up with a carbon particle — it is obtained. By the 
aforementioned approach, a part of interior of a porous carbon film may be filled up with a catalyst constituent, 
and you may fill up with it over total thickness. The concept of the electrode for fuel cells obtained is shown in 
drawing 2 . Thus, when a catalyst support carbon particle accumulates in the continuation hole of porous carbon, 
the structure ( drawin g 3 ) where the space of mass transfer was secured and the electron and the conduction 
path of a proton were built can be acquired easily. 

[0027] The polymer or oligomer of arbitration which produces the polymer or oligomer which reacts as an 
aforementioned polyelectrolyte or an aforementioned oligomer electrolyte with the polymer with ionic 
conductivity of arbitration, oligomer, an acid, or a base, and has ionic conductivity can be mentioned. As a 
suitable polyelectrolyte or an oligomer electrolyte, the fluoropolymers which have pendant ion exchange groups, 
such as a sulfonic group, with the gestalt of a proton or a salt, for example, sulfonic-acid fluoropolymers, for 
example, the Nafion film, (Du Pont trademark), sulfonic-acid fluoro oligomer, sulfonation polyimide, sulfonation 
oligomer, etc. are mentioned. An aforementioned polyelectrolyte or an aforementioned oligomer electrolyte needs 
to be insolubility in water substantially at the temperature of 100 degrees C or less. 

[0028] As a suitable solvent used for manufacture of the aforementioned catalyst constituent ink, polar solvents, 
such as one to C6 alcohol, a glycerol, ethylene carbonate, propylene carbonate, BUCHIRUKA-BONE-TO, an 
ethylene carbamate, a propylene carbamate, a butylene carbamate, an acetone, an acetonitrile, 
dimethylformamide, dimethylacetamide, a 1-methyl-2-pyrrolidone, difluoro benzene, and a sulfolane, are 
mentioned. An organic solvent may be used independently and may be used as mixed liquor with water again. As 
for an organic solvent, it is desirable to use it especially 1% or more on the basis of the weight of a constituent 
in 3% or more and 70% or less of amount. Moreover, as for the operating rate in the case of using the mixed 
liquor of an organic solvent and water, it is desirable that organic solvent:water is within the limits of 10:1-1:3 in 
a volume ratio. 

[0029] The film-electrode zygote of this invention is obtained by being about 1~100kg/cm2 in pressure, and 
carrying out the grade hotpress of the electrode for fuel cells which is the above, and is made and obtained for 
0.1 - 30 minutes at the temperature of 120-150 degrees C, suitably, at the both sides of the polyelectrolyte film. 
The polymer or oligomer of arbitration which produces the polymer or oligomer which reacts as the 
aforementioned polyelectrolyte film with the polymer with the above-mentioned ionic conductivity of arbitration, 
oligomer, an acid, or a base, and has ionic conductivity can be mentioned. 

[0030] Moreover, since one side of an electrode needs to have an electrolyte membrane and a good adhesive 
property as above-mentioned, it is desirable to coat with the polyelectrolyte or the oligomer electrolyte 
beforehand. Moreover, since the field of the opposite side needs to form electronic conduction pass in contact 
with a gaseous diffusion layer or a separator with a ** style function, not coating with the polyelectrolyte or the 
oligomer electrolyte is desirable. The electrode of such a gestalt can be attained by using positively the 
phenomenon in which a solution interface retreats in the solvent evaporation direction of for example, catalyst 
constituent ink. 

[0031] Since the film-electrode zygote of this invention has many detailed free passage holes, it is suitable as 
the structure of a high performance fuel cell which can offer the reaction place of the cell reaction widely 
distributed to homogeneity. Moreover, by using the carbon powder which can perform support of catalyst noble 
metals easily, the electrode structure which harnessed the features which a porous carbon film has can be 
produced simple, and it is useful. Furthermore, since the electrode structure consists of two kinds of 
configuration members of the carbon particle (powder) with which the porous carbon film and the noble-metals 
particle were supported, the degree of freedom of the design for processing the water inside an electrode can be 
extended by making each member into a hydrophilic property or hydrophobicity. 

[0032] The fuel cell of this invention uses a film-electrode zygote as a component, and uses the aforementioned 
film-electrode zygote for an oxygen side with much generating of water suitably. The aforementioned film- 
electrode zygote or other various film-electrode zygotes (it is also called the film-electrode structure) are used 
for a hydrogen side (fuel side). For example, it is obtained by arranging respectively the seal for preventing the 
leakage of reactant gas for the separator of a pair between the separators of this pair through a direct or 
gaseous diffusion layer on both sides of an electrode. 



[0033] 

[Example] Next, when aromatic poiyimide suitable as a high thermal-resistance polymer is used about this 
invention, an intermediary's example explains. However, this invention is not limited to the following examples. In 
addition, in this invention, the performance evaluation of air permeability, a void content, an average aperture, 
the rate of graphitization, and a fuel cell was measured by the following approach. 

[0034] ** Air permeability JIS It measured according to P81 17. B mold gar Leh DENSOME-TA - (Oriental 
energy machine company make) was used as a measuring device. The film of a sample is bound tight to the 
circular hole of 2 the diameter of 28.6mm, and an area of 645mm, and the air in a cylinder is passed out of a 
cylinder from the trial circular hole section with the container liner weight of 567g. The time amount which 100 
cc of air passes was measured, and it considered as air permeability (gar Leh value). 

[0035] ** The thickness, area, and weight of the film cut off in void content predetermined magnitude were 
measured, and the void content was calculated by the degree type from eyes weight The weight and D to which 
the film surface product measured S of a degree type, and thickness and w measured d are a consistency, and 
poiyimide computed the consistency for every sample about 1.34 and the carbon film structure in consideration 
of the rate of graphitization for which it asked by the approach of mentioning later. 

Void content =(1~W/(SxdxD)) x100[0036] ** the scanning electron microscope photograph of an average 
aperture film front face — photographing — opening of 50 or more points — a hole — area — measuring — this 
hole — the degree type from the average of area — following — a hole — it asked for the average diameter at 
the time of presupposing that a configuration is a perfect circle from count. Sa of a degree type means the 
average of hole area. 

the rate X diffraction of average aperture =2x(Sa/pi)1/2** graphitization — measuring — Ruland — it asked by 
law. 

[0037] ** It asked for the thickness of the thickness porous carbon film of a porous carbon film by scanning 
microscope observation of the film thickness gage of a contact process, and a cross section. 
** TEM and SEM observation estimated the magnitude of the noble-metals particle distributed to the magnitude 
electrode of a noble-metals particle. 

[0038] ** Using the electronic load equipment for performance-evaluation fuel cells of a fuel cell, the fuel gas 
pressure inside a eel was made into 0.1MPa(s) and the cell temperature of 80 degrees C, it generated electricity 
by performing humidification of fuel gas through 70-degree C HABURA - and the current-voltage characteristic 
was measured. 

** It asked for the series resistance component in operating the series resistance component measurement fuel 
cell in a fuel cell eel by 40mA constant current, intercepting a current momentarily, and incorporating and 
analyzing the electrical potential difference in that case by the time amount wave. 

[0039] The manufacture 3 of an example of reference 1 porosity poiyimide film, 3\ and the polyamic acid solution 
that carried out the polymerization of 4, and 4-biphenyl tetracarboxylic dianhydride and a p phenylenediamine, 
and obtained them in the N-methyl-2-pyrrolidone are cast on a stainless plate. A flow casting film front face is 
covered by the polyolefine fine porosity film (air permeability 550 seconds /, and 100 cc) (you pore UP2015 by 
Ube Industries, Ltd.) which is solvent permutation speed-regulation material. It was immersed into 1-propanol 
and the polyamic acid film with smooth front faces other than an open hole was deposited with the vesicular 
structure which has a detailed free passage hole. Subsequently, after being underwater immersed for 10 minutes, 
it exfoliated from the stainless plate, and in the condition of having fixed to pin tenter - temperature of 400 
degrees C and heat treatment during 20 minutes were performed in air, and the porosity poiyimide film was 
obtained. The rate of imideHzing was 70%, and this film was 27 micrometer [ of thickness ], and air permeability 
360 seconds /, 100 cc, 48% of void contents, and 0.17 micrometers of average apertures. 
[0040] The porosity poiyimide film of ****** of the electrode using an example 1 porous-carbon film was 
carbonized at the temperature of 1400 degrees C under the nitrogen gas air current, and the porous carbon film 
of rate [ of 18% ] of graphitization, film thickness [ of 21 micrometers ], and air permeability 380 seconds /, 
100ml, 45% of void contents, and 0.13 micrometers of average apertures was obtained. Predetermined time 
immersion of this was carried out into the mixed water solution of potassium permanganate and a 35-% of the 
weight nitric acid, and the front face of a carbon film was made to generate functional groups, such as a hydroxyl 
group and a carboxyl group. After that, with 70-degree C distilled water, it washed enough repeatedly and dried. 
[0041] 10ml [ of water ] and isopropanol 20ml and 0.05g (5 % of the weight, dimethylformamide/water = 1/1, Du 
Pont) of commercial Nafion 5012 solutions were stirred and mixed for 50mg (20 % of the weight of platinum, 
made in [ U.S. ] Johnson Massey) of platinum support carbon catalysts in the ice bath, after predetermined time, 
ultrasonic irradiation of this mixture was carried out for 1 hour, and the particle was decentralized. Thus, one 
side of the above-mentioned porous carbon-ized film of 5cm angle was plastered with the obtained catalyst 
distribution constituent, it dried, and the gas diffusion electrode was obtained. The amount of platinum in the 
obtained gas diffusion electrode was 0.20 mg/cm2 per electrode unit area, as a result of carrying out a quantum 
by the ICP AEM method. 



[0042] 10ml [ of water ] and isopropanol 20ml and 0.05g (5 % of the weight, Du Pont) of commercial Nafion 501 2 
solutions were stirred and mixed with example of reference 2 carbon powder for 100mg (20 % of the weight of 
platinum, made in [ U.S. ] Johnson Massey) of production platinum support carbon catalysts of the electrode 
using carbon paper in the ice bath, after predetermined time, ultrasonic irradiation of this mixture was carried 
out for 1 hour, and the particle was decentralized. Thus, one side of the carbon paper (Toray Industries, Inc. 
make) of 5cm angle was plastered with the obtained catalyst distribution constituent, it dried, and the gas 
diffusion electrode was obtained. The amount of platinum in the obtained gas diffusion electrode was 0.4 
mg/cm2 per electrode unit area, as a result of carrying out a quantum by the ICP AEM method. 
[0043] Nafion 1 135 film (Du Pont make) which is an example 2 film-electrode zygote (MEA) and production 
polyelectrolyte film of a fuel cell — 3% hydrogen-peroxide-solution solution — continuing — the inside of 3% 
sulfuric-acid water solution — warming — it processed. On the gas diffusion electrode obtained in the example 
1, 100mg of Nafion 5012 solutions was applied, it dried 5%, and the catalyst support electrode pore front face 
was covered with the ultra-thin polyelectrolyte layer. Moreover, the gas diffusion electrode obtained in the 
example 2 of reference was similarly covered with the ultra-thin polyelectrolyte. The gas diffusion electrode was 
arranged so that the reaction aspect which is a catalyst support electrode pore front face might counter the 
both sides of Nafion 1 135 film which is polyelectrolyte film in two obtained electrodes, the pressure welding was 
carried out using the hotpress machine the condition for 135 degrees C, 5kg/cm2, and 10-12 minutes, and 
MEA was obtained. Using this MEA, with the conventional method, it put with the separator plate and the fuel 
cell was produced. 

[0044] The electrode side which produced fuel gas (hydrogen) in the example 2 of reference to the fuel 
electrode of a cell was supplied using the obtained fuel cell, and the porous carbon film electrode side which 
produced air in the example 1 to the air pole was supplied. The pressure inside a eel was supplied by about 0.1 
MPa(s), was made into the cell temperature of 80 degrees C, and performed humidification of gas through 70- 
degree C HABURA -. When the current-voltage characteristic was measured for constant current every other 
hour with the sink, repeatability showed the good current-voltage characteristic over the long time ( drawing 4 ). 
The magnitude of the series resistance component inside the eel at the time of constant current operation also 
operated with about 1 constant value ( drawmg 5 ). 

[0045] The gas diffusion electrode obtained in the example 3 example 1 was used for two poles, and also MEA 
was obtained like the example 2. The fuel cell was produced like the example 2 using this MEA. this fuel cell — 
using -- the fuel electrode of a cell — fuel gas (hydrogen) — supplying — an air pole — air — pressure [ inside 
a eel ]: — it supplied by about 0.1 MPa(s), and considered as the cell temperature of 80 degrees C, and 
humidification of gas was performed through 70-degree C HABURA - When the current-voltage characteristic 
was measured for constant current every other hour with the sink, repeatability showed the good current- 
voltage characteristic over the long time ( drawing 6 ). The magnitude of the series resistance component inside 
the eel at the time of constant current operation was also small, and the value also operated with about 1 
constant value ( drawing 1 ). 

[0046] The gas diffusion electrode obtained in the example 2 of example of comparison 1 reference was used for 
two poles, and also MEA was obtained like the example 2, and the fuel cell was produced like the example 2 
using this MEA. this fuel cell — using — the fuel electrode of a cell — fuel gas (hydrogen) — supplying — an air 
pole — air — pressure [ inside a eel ]: — when it supplied by about 0.1 MPa(s), it considered as the cell 
temperature of 80 degrees C and humidification of gas was performed through 70-degree C HABURA - in the 
relation between a current and an electrical potential difference, there is much dispersion ( drawjng 8 ) and the 
magnitude of actuation and a series resistance component was unstable ( drawing 9 ). Moreover, the absolute 
value of a series resistance component was also large. 
[0047] 

[Effect of the Invention] According to this invention, the electrode which made the porous carbon film distribute 
the noble-metals particle of a desired amount can be obtained easily, it has the support structure where a 
noble-metals system catalyst can be used effectively, and the electrode for fuel cells and a film-electrode 
zygote can be obtained with a simple making process. Moreover, according to this invention, the fuel cell by 
which actuation was stabilized can be obtained. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] Drawi ng 1 is a conceptual diagram of a vesicular structure which has a detailed free passage hole. 
[Drawing 2] Drawing 2 is the conceptual diagram of the electrode for fuel cells of this invention using the porous 
carbon film (porous carbon base material) in this invention. 
[ Drawin g 3] Drawin g 3 is the partial enlarged drawing of drawin g 2 . 

[ Drawin g 4] Drawin g 4 is the current-voltage characteristic about the fuel cell which used the electrode for fuel 
cells of an example 2 for the air pole. 

[Drawing 5] Drawing 5 is a series resistance component at the time of constant current operation of the fuel cell 
which used the electrode for fuel cells of an example 2 for the air pole. 

[ Drawin g 6] Drawing 6 is the current-voltage characteristic about the fuel cell which used the electrode for fuel 
cells of an example 3 for a hydrogen pole and the two poles of an air pole. 

[Drawing 7] Drawing 7 is a series resistance component at the time of constant current operation of the fuel cell 
which used the electrode for fuel cells of an example 3 for a hydrogen pole and the two poles of an air pole. 
[Drawing 8] Drawing 8 is the current-voltage characteristic about the fuel cell which used for a hydrogen pole 
and the two poles of an air pole the electrode which consists of the catalyst support carbon powder and carbon 
paper of the example 1 of a comparison. 

[Drawing 9] Drawing 9 is a series resistance component at the time of constant current operation of the fuel cell 
which used for a hydrogen pole and the two poles of an air pole the electrode which consists of the catalyst 
support carbon powder and carbon paper of the example 1 of a comparison. 

[Translation done.] 
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